“Bd ‘I9gsecuw] ‘WO3SAS JUSUDBALL/TOIJUCD MOTIIRAQ IS5 PIUTEUOD 'uRIBERTq moTy AIeuTwiiaxd

I3aTy

vOOLSINDD
e e ™ ™
ow.ﬂ Uu.udw._n.m O R
7] NivR d M
HSYM¥OVE |
] * ) }
(*meTd ,0¢
da2q ,00T) .08 TI41n0 S:ﬂL
ANVL 0TS |
puncIdzapuq
BINIVYLS _
-OuH
ouw | 93u /435 _
3I31A30 173dMisiaf  TEEMS _
r ~—— NOILYN3Y PR FTELD
l_ ONIXIN —
MOIAN3ANN _
_ b
1937Ta3=q
{ TIT4S
193roNd 'OW30 40 Luvd
1ON 12261 LSNOD M3N 31V9 OMLNOD
I st : h <2
| ! _ _ !
1NV | | Tam l
ANsH R e ——— G e 13 fem e - ——— {
HLNOS 04 _ _ _ M3AN _ {
|
L1 _ "
e |
!

.2t

HOLJdIOYILNI MIN

¥3IMIS-NVS 9 LSIX3

LAMIS-RYS O LSIX3

yamas |

pautcuoy 09 LSIX3|



6T =Ind7y
unBIydIyy ‘suswal) unow

SIILNMIDVY INIWIVZHYL ANV NOILLNILIY

et e e tetetvie YIATE OL IATE OL
| WIATH OL #OTg9ma0 NEATY OI NIVEQ | 4RNAS IITIN0 MOLTITAOC
I ES p A IFTINVI Y VLTINS 0L QATTIOLIROD AONTOHTHT
: m _ SqIT0S AZiLIdS
' & _ 4
| ooy | .
1 " Py VHATE | =g
! =R ' oL ! 5 M
= [
mm " 4mm4§o¢m " S
sy K& sevar | a qEATE  SHOLRISAG
- m m Ho¥d HOVMAS R
S W g & QENITHOD
¥ =i = L3 [l
. Ml = e = 5
5 Rl o Ou!
<t oM o Ar . = Y H
] o S| & 5 =
v M w ) , I g & M =
b2 o= = Hy
. - B35 5 Z g
| T3 9 & g B 2 )
g, & -
= H
g m S & H  IYLINGIO0A 2
v i ] = NOIIIGQY S
2 B TVOLEHD —4
SHI0LS NAENIAE NOIIVINOYIOTH
H E 3 » »




AVMI OO 43NN -

-—

\\ ONIdWIH oS =y

0¢ 3ANnsH

Mhmuuhn 1C4IdVYD LSyl
% <
' \.G(Ou ONINNIg

. VILSODVNY
a3 NOLLYINuI 53y
NOILv1g i gl
NISYg ™~
¥ 35Vu05

ONIdWNR

~

—
Y )

Wnlavis
231 15v3 OmwOmOzn_.\\

AQINNIY j 14380y

NYM 1014
ALNID V4 NOLLVWY1ID3y 4LV M
L23royd Iayvy NVWONIN
ZO—.—.(M.—.m-Z-Sﬂ( ALITVYND ¥aivm AL FLEF

&

JAMIS ANNEL
A¥YANNOR
1SVIHIION

40



Our Program, in conjunction with APWA, has refined and is demonstra-
ting the swirl flow regulator/solids-Tiquid separator (Figure 21).
The device is of simple annular-shaped construction requiring no
moving parts. It provides a dual function, regulating flow by a
central circular weir, while simultaneously treating combined sewage
by swirl action which imparts liquid-solids separation. The low-
flow concentrate is diverted to the sanitary sewerage system, and

the relatively clear 1iquid overfiows the weir into a downshaft and
receives further treatment or is discharged to the stream. This
device is capable of functioning effectively over a wide range of
combined sewer overflow rates having the ability to effectively
separate settleable and 1ight-weight organic suspended matter at a
small fraction of the detention time required for conventional sedi-
mentation., For these reasons serious thought is now being given to
the use of swirl units in series and in parallel solely as wet-
weather treatment plant systems. A helical or spiral type regulator/
separator has also been developed based on similar principles as the
swirl device, and we are looking for further refinement. Mr. Richard
Sulilivan will speak on this subject following my presentation.

Flow Measurement

The quantitative and qualitative measurement of storm overflows 1is
essential for process design, control, and evaluation. The "urban
intelligence systems” previously mentioned require real-time data
from rapid, remote sensors in order to achieve remote control of a
sewerage network. Conventional flow meters have not been developed
for the highly-varying surges encountered in combined sewers. Here,
a measuring device may be subjected to very Tow flow rates, submer-
gence, reverse flow, and surcharge, all during a single rainstorm,
These severe flow conditions rule out the reliable and accurate app-
lication of conventional devices, such as weirs and flumes at many
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Tocations. Consequently, we are deeply involved in the development
and demonstration of sophisticated and new flow measuring equipment
utilizing the various principles of: hot-fiim anemometers, concen-
tration of induced foreign matter, ultrasound, and electromagnetics
as applied to open channel flow.

Our Program has also contributed towards the development of a pro-
totype monitor capable of instantaneous, in-situ measurement of sus-

pended solids based on the optical principle of 1ight depolarization.

USEPA Stormwater Management Model (SWMM)

The capability to analyse various component flows and pollution Toads
throughout a sewerage system is one of the keys to better design of
control and treatment systems. Due to complexities of the rainfall-
runoff-flow phenomena past analyses have been less than adequate,
resulting in poor estimates of flow and predicted system responses to
a storm. By virtue of previous undertakings, we now have available
an operational "descriptive" mathematical model which can overcome
former analytical deficiencies. Figure 22 depicts a schematic over-
view of the model.

We are now in the initial phase of demonstrating the appiication of
this method for "decision-making"”, that is, its ability to analyse a
major combined sewer system to select and to design control and treat-
ment approaches based on cost/effectiveness and to eventually design

a computerized means of overall management of the system during storm
flows. The model will be fully explained later on today by Dr. Wayne
Huber,

PROGRAM PROJECT NEEDS

Looking ahead, the Storm and Combined Sewer Pollution Control Program
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needs are vast and numerous. At present, we are directing our efforts
to the following:

1.

A nation-wide assessment of sewered and non-sewered straight
urban runoff impacts, not combined sewage - a consideration
which has been stressed by the 1972 Amendments to the FWPC
Act.

Dual use facilities for wet-weather and dry-weather treat-
ment. Wei-weather facilities built in conjunction with new
or existing sanitary plants can demonstrate their synergistic
benefit by being utilized to take over during repairs, polish-
ing secondary effluents, or increasing dry-weather treatment
capacity during the vast majority of the time, i.e., when

it is not raining.

Land development making full use of runoff and natural drain-
age - aesthetically blending into the surrounding environment
rather than upsetting it.

Wet-weather facilities for treatment of dry-weather creek flow,
again making full use of these facilities during otherwise
downtime.

A stormwater model monitoring/management system for dissemin-
ation, updating, and instructions on model application.

A functional evaluation of the need for catch basins today -
and development of new alternatives.

Establishment of uniform techniques for sampling and analysis
of storm flow and for determining design volumes and fiowrates.
Further development of flow measuring devices.

Fostering a stormwater survey course at the university arad-
uate Tevel. Storm generated pollution ranks high along with
domestic and industrial sources and yet remains unstressed in
the schools. With wet-weather control requirements evident,
now is the time to encourage universities to cover the concepts
of stormwater runoff and combined sewer overflow pollution

in proper perspective in their graduate school water pollution

45



control curriculum.

10. The swirl device applied for grit removal and primary separa-
tion of solids from combined sewage, stormwater, erosion run-
off, along with the optimization of its sister device, the
helical flow regulator/solids separator.

There are also certain major control methods requiring further develop-
ment. "Upstream" storage or other control processes to decrease the
stormwater runoff effect on Tower portions of the system is one case

in point. Aside from the main objective of controiling storm-generated
poltution, upstream control can preclude the need for additional down-
stream sewer Tine capacity and associated construction requirements,
alleviate shock toadings due to scouring velocities,~relieve the often
occurring expense of constructing facilities downstream near water-
courses in unstable soil with high water table, while offering greater
flexibility for contrel and treatment. An example of this would be

the temporary storage or attenuation of stormwater at the building or
immediate area through the use of holding tanks, seepage pits (possibly
for recharge), roof tops, parks and playgrounds, backyard detention
facilities, porous pavement (previously discussed) or neighborhood
decentralized stormwater collection sumps including storage facilities
under streets. Upstream controi systems should automatically regulate
discharge from storage to the groundwater, a watercourse, or a sewer
system. Plans for reuse of stored water for irrigation, street clean-
ing, sewer flushing, aesthetic and recreaticnal ponds, potable supply,
and other purposes is also encouraged.

Many more ideas and concepts could be added - some may be more sig-

nificant than those discussed. Submission of ideas, project proposals
or grant applications to the USEPA is strongly encouraged.
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CONCLUSION

A1l facts point to a real requirement for treating and controlling
stormwater runoff and combined sewer overflows. In view of the tre-
mendous quantities of pollutants bypassed during rainfall from the
combined sewer system, it does not seem reasonable to debate whether
secondary treatment plants should be designed for 80, 85, or 90% BOD
or suspended solids removal, when in fact the small increments gained
in this range are completely overshadowed by the bypassing occurring
at requlators during wet-weather flow.

The multi-bilTion dollar treatment plant upgrading and expansion
program now going on throughout the country will do much to alle-
viate pollution of our waters. However, means of mitigating the
effects of combined sewers must also be found if we hope to abate
the poliution in an optimal manner. Wet-weather standards are al-
ready being instituted by the federal government and some states and
localities. Recognizing this, our Program will strive to be a prime
support for this real world application.

47



SECTION I1

PREVENTION AND CONTROL OF INFILTRATION AND INFLOW

by

Richard H. Sullivan
Assistant Executive Director

American Public Works Association
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The American Public Works Association has had an active program
of research in the field of storm water pollution. Its program has
investigated such fields as the pollution of storm water, the extent
of combined sewer facilities, the design, operation and maintenance
of combined sewer overflow regulators and the prevention and correc-
tion of excessive infiltration and inflow into sewers. These pro-
jects were either conducted under contract with the U. S. Federal
Governement or as cost-sharing projects jointly financed by local
pubTic agencies and the federal government. My remarks today will
be based upon the research findings of our Foundation.

I will briefly review some of the major findings of our report,
"Prevention and Control of Infiltration and Inflow". 1 will also
review with you guidelines for the estabiishment of a survey to
determine the nature and extent of infiltration, and some of the
factors to be used in making an economic analysis of desirable
corrective actions.

In our study of the problems of combined sewer facilities it
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became evident that infiltration plays a major role in many facil-
ities by either causing more frequent or prolonged overflow events.
With the assistance of some 34 local agencies and the Water Quality
Office, we undertook a study of the prevention and correction of
infiltration. For ease of discussion we decided to consider the
"Two I's" of infiltration. The first "I" - infiltration - is in
the classic sense, that flow which enters the sewer through pipe
and joint defects and manhole covers, etc., and - inflow - is
surface water which is deliberately introduced into the system
through footing drains, downspouts, area-way drains, and such.
Infiltration and inflow both take up capacity within the collection
system. However, the two have entirely different characteristics
as to time of occurrence, and means of correction and prevention.

If infiltration and inflow exist, why should we be concerned?
One of the most common problems associated with excessive infil-
tration or inflow is backups into basements, flooding of manholes,
treatment plant overloads, pavement and sewer failures; all are
common problems. Exfiltration may result in pollution of the
groundwater table.

When we Took at the extent of infiltration, we can conclude
that all sewers are combined, it is all a matter of degree. Where
even minimal amounts of infiltration and inflow are present, a
regulator device of some type will be used on the sanitary sewer
system to relieve the excess flow condition. Quite often this
is only a leader from a sanitary sewer to a storm sewer, or a
hole in the side of a sanitary sewer manhole which, under sur-
charge conditions, will allow excess flow to enter a creek or stream
bed. For such systems to be described as "separate" is ironic,
inasmuch as its volume of non-sanitary flow may reach 40 to 1, as
contrasted to the strict combined system where this could be 90
to 100 to 1.
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Correction of infiltration problems can be categorized under
the dual headings of prevention of infiltration and inflow in new
systems and the correction of existing conditions.

With regard to new construction; tremendous advances have been
made in pipe and joint materials. Contractors and pipe suppliers
who worked with the APWA in the preparation of the report were
agreed that a construction standard of 200 gallons per inch-miie
per day was reasonable and could be met without additional cost to
the Tocal agency. In practice we found that consulting engineers
had, in effect, an extremely wide array of construction standards
which they regularly cite for new construction. There was little
agreement as far as to the unit of measure or how the standard
would be applied. In this regard I think it is important to remember
the effects of a low standard for gallons per inch per mile applied
to lengths of 200, 300 and 500 feet. Allowable infiltration may be
aimost impossible to measure. Specifications using low infiltration
rates should spell out how compliance is to be measured. For example:
200 gallons per inch per mile per day allows 4.4 gallons in an 8-inch
pipe an hour between manholes 350 feet apart.

The detection of infiltration is a time consuming and generally
expensive process. I am not aware of any short cuts to the prepar-
ation of a comprehensive survey. Our report contains an outline of
a ten-point program as developed by the American Pipe Services Co.
of Minneapolis, Minnesota. For purposes of our discussion today !
have expanded this to twelve points, and would Tike to consider
these steps briefly with you.

The steps involved in a complete infiltration-inflow analysis
incTude:
1. SET OBJECTIVES: detemine what is the apparent problem,
in what condition is the sewer system, is there an adequate
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11.

12,

maintenance program, how can sources of infiltration/
inflow be determined, and at what cost.

IDENTIFY SYSTEM: prepare plot plan of entire system,
identifying component drainage systems and key manholes
within the system.

IDENTIFY SCOPE OF INFILTRATION: make flow measurement,
install ground water gauges in manholes, and meter flows
at 1ift pumps.

RAINFALL SIMULATION: flood the storm sewer and determine
if flow enters the sanitary system - use when infiltration/
inflow problems are identified as rain-connected.
DETERMINE EXTENT OF SEWER CLEANING NEEDED: a TV camera is
not effective unless a sewer Tine is very clean.

MAKE AN ECONOMIC & FEASIBILITY STUDY to determine which
portions of the system will be cleaned and physically
inspected.

CLEAN SEWERS to be inspected.

MAKE TELEVISION INSPECTION.

DETERMINE EXTENT & LOCATION OF INFLOW.

MAKE ECONOMIC ANALYSIS: where should rehabilitation or
replacement work be conducted.

RESTORE AND REPAIR SYSTEM.

ESTABLISH TREATMENT PLANT DESIGN CRITERIA on basis of
reduced flows.

One of the important points that must be stressed again and
again is that if we are going to Took for infiltration we must
look when it Togically will be present. Thus, the use of ground-
water gauges to determine whether or not the individual pipe sec-
tions are below the groundwater table is a necessity. Second, the
sewer 1ines must be clean i1f they are to be inspected. By clean,
I mean that a full gauge tool must be passed through the line. This
is generally more than the normal cleaning procedure of most agen-
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cies. The cleaning procedure will be expensive and time consuming.
Therefore, careful analysis must be made as to the capability of
the agency to clean sewers and this must be attached with the plan-
ned progress of the survey. Cleaning may be a deciding factor in
determining how much of a system may be actually investigated. It
may be necessary to contract for cleaning.

Properly timed tefevision inspection in a well-cleaned sewer
is extremely helpful in analyzing the location and amount of infil-
tration waters entering the sewer iine. Data obtained will include
an indication as to locations of many sources of inflow and build-
ing sewer infilttration. The Tatter, building sewer infiltration, is
a hard problem to approach, inasmuch as it is very difficuit to
gain access to that portion of the sewer system. -A rough analysis
of a community's total sewer system may indicate as much as half
of the total sewer system is building sewers. Should the ground-
water table be high, and the building sewers under the groundwater
table, a substantial portion of the total Toad may come from this
portion of the sewer system. Again, such Tines if they are shallow
may be an important source of infiltration and infiow during periods
of precipitation. One community which experienced severe overload-
ing and basement backups during periods of rainfall found that roof
leaders discharged adjacent to a building allowed almost a direct
connection of the water from the roof into the building sewer.

This community required that roof leaders be discharged five feet
from the foundation, and the problem was corrected. In other
communities official practice may have allowed foundations drains
to be connected to the sanitary sewer. This again leads to a tre-
mendous increase in the flow. 1In a 1ike manner, sump pumps, if
allowed to discharge into the sewer system, quickly cause over-
toading. Yet another source of inflow water is from manholes.
There are many conflicting opinions, however, with regard to using
watertight covers on manholes because of the buildup of gas within
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the system. However, if the manhole is to be Tocated in an area
where storm water may enter the system, many communities have gone
to watertight covers or have added plugs to the openings to keep
storm water out.

Detection of the Tocation of inflow is perhaps the easiest
part of the battle. The real test is to attempt to change or
correct the conditions within private property. Residents of
built-up areas without storm drains in many areas are Toathe to
have sump pumps discharge onto lawn areas. In fact, in many areas
there may not be sufficient Tawn area to take the flow. In 1ike
manner, foundation drains must have a location and a way of carrying
off the flow or there will be backup into the basement. To reduce
erosion, roof leaders may be discharged into the sanitary sewer.

The APWA report has recommended that agencies prior to fund-
ing reconstruction of paralleling of their interceptor sewer or
relief sewer and construction or additional treatment facilities,
make a thorough infiltration study to determine the amount of flow
which might be eliminated by correction of inflow conditions or
improvements of the sewer line to eliminate infiitration.

From a dollars and cents point of view, this seems appropriate.
From a standpoint of controlling poliution, we are generally further
ahead in eliminating pollution if we clean up the source rather than
if we build additional facilities and then have continuing opera-
tional cost.

For this reason, in our Manual of Practice, we attempted to
develop an outline of an economic analysis in order that the cost of
infiltration and inflow waters might be determined and so that an
agency could determine how much it could afford to spend for the
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control of infiltration and inflow. Very few examples were found
where such an economic evaluation had been made. While many of the
tools that are available at this time are not exact, because of
lack of adequate record systems by local agencies, we must have the
economic justification of our poliution control activities.

56



SECTION III

COMBINED SEWER OVERFLOW REGULATOR FACILITIES

by

Richard H. SulTivan
Assistant Executive Director

American Public Works Association
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There is a broad cross-sectional interest in the proper
design and operation of combined sewer overflow regulators.
Consulting engineers - general design of facilities; poliution
control personnel - monitoring facilities to determine the
nature and extent of the pollutional Toad to recéiving waters,
industrial representatives - to design and build the actual
reguiator; and local governmental officials - to bridge between
these three groups and to pay for the facilities. Payment is very
important inasmuch as for this portion of the poliution control
program, federal and state aid is not generally available to
assist local government in financing the construction and recon-
struction of facilities that will lead to a reduction of this
source of the pollutional load. Lack of such aid is somewhat
unique and, undoubtedly, is directly responsible for the fact
that relatively Tittle work has been accomplished at the local
level to impTlement the types of pollution control programs which
have been advocated and demonstrated by the Water Quality Office
in the field of storm and combined sewers. Construction grant
funds from EPA have been available for only a handful of facilities,
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where essentially primary treatment will be accomplished.

It is appropriate to consider the "official policy” re-
garding combined sewers. For many years it appeared that the
official policy of the federal government was that combined
sewers would be separated. In 1967 the APWA completed its report
on the extent of combined sewer facilities with a cost estimate
of $48 billion in 1967 dollars to separating systems involving
some 36 miTlion persons. It appears that generally the Washington
officials are now convinced that separation alone is not the
solution, though the word has not necessarily been reached, or
been adopted by the regional offices, as we sti11 see results of
conferences which will require separation of combined sewers on a
wholesale basis. Other federal agencies such as DOT and HUD have
also geared their programs to further the separation of combined
sewers. This becomes particularly ironic as the extent of storm-
water pollution becomes evident and in some areas we begin to talk
or require treatment facilities for stormwater. A great deal of
rethinking appears warranted at this time before actually establ-
ishing a national policy. From the work that the APWA has accom-
plished, 1t has been shown that storm waters are polluted whether
or not they are carried in separate or combined sewers and that
to meet receiving water quality standards, treatment or control
facilities may be necessary.

Consulting engineers and local government officials in consid-
ering the combined sewer overflow regulator facility problems
should begin by defining their needs, particularly in measurable
terms. For instance, a general need is to either reduce or elim-
inate pollution from combined sewer overflows. The need might be
based upon a requirement to improve receiving water quality, to
improve the value of land adjacent to the overflow, to improve or
make possible operation of treatment or control facilities, or to
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improve operation of the treatment plant. The need, then, must
be defined in terms of how much or the extent of actual improve-
ment required. Means must be available to determine whether or
not the desired goal has been achieved.

If our desire is to reduce pollution, we should determine
whether or not the economical solution is to reduce flow in the
combined sewer by a system of surface storage, in-system storage
or treatment of the overflow. The type and size of the regulator
will vary considerably depending upon the nature of the treatment
or control device.

Criteria for the operation of the regulator traditionally has
been to Timit flow to the interceptor. 1 would 1ike for you to
consider, however, the concept of the Two Q's, control of quality
and quantity of the overflow. Regulators can be classified as
either static or dynamic. If they are static, they perform in a
determined manner, and are unresponsive to chandes in control levels
in the interceptor or changes in the quality of the sewage. Dynamic
regutators, on the other hand, can be designed to be responsive to
a variety of flow conditions and flow characteristics. The reg-
ulator must be responsive to flow both in the interceptor and
collector sewer, the maximum pollutional load should be diverted
to the interceptor sewer, there should be no dry weather overfiows,
there should be low maintenance cost, and a Tow initial cost is
desirable. Operation of the regulator must be responsive to
changing conditions. Quality of overflow may be improved by
screening, use of secondary motion, or the mode of operation.

Choice of the individual regulating device to be used will be influ-
enced by space requived, availability of access, outflow conditions,
head-loss within the regulator, and exterior power requirements.

A1l must be evaluated and considered.
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The major findings and recommendations of the APWA study were:

Efforts should be made by Tocal jurisdictions to consolidate
minor overflow points into fewer locations, in which the
installation and mafntenance of sophisticated regulator
devices and controls will be economically and physically
justified.

"Total systems" management of sewer system regulator-overflow
facilities should be instituted wherever this procedure can be
shown to be feasible and economical. This will involve the
use of dynamic-type regulator devices and the application of
instrumentation and automatic-automation control methods

which will be expedited by a reduction in the number of over-
flow points.

Dynamic-type regulators should be used wherever possible and
feasible for "traffic control" of combined sewer flows. This
could shunt surcharges of portions of such a system into sec-
tions of sewers which are not simultaneously so affected. This
approach could be enhanced by the monitoring of precipitation
and sewer flows through an adequate network of stations, in
communication with a central control point from whence flow
routing decisions can emanate.

The type of regulator used should be determined on the basis
of its performance and potential reduction in overflow pol-
Tutjonal effects.

Maintenance schedules and budgetary appropriations should be
planned on the basis of the specific needs of static, dynamic
and instrumented units in service. Each type of regulator

should be given the attention it requires to achieve maximum
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performance.

Reguiator facilities should be situated in accessible Tocations,
provided with safe and dependable access facilities, be free of
other safety hazards, have adequate space for necessary mainte-
nance work and, when possible, be accessible from Tocations
other than the street or highway right-of-way.

Maintenance crews should be adequately staffed and crews should
be provided with all necessary service equipment and tools for
their work and for their protection. In-service training should
be provided and preventive maintenance schedules should be estab-
1ished. Records of maintenance work must be accurate and com-
plete in order to assess properly the effectivengss of regulator
operations and to allocate budget costs for each specific main-
tenance and operation procedure.

Specifications must require the use of the most servicable
corrosion~resistant and moisture and explosion-proof materials
in the fabrication and installation of regulator devices and
control facilities. The number of wovable parts and appur-
tenances should be reduced as much as possible, commensurate
with efforts to provide greater sophistiéation of reguiator

facilities.

Where possible, tide gates should be Tocated in adequate cham-
bers. In cases where system control of regulator-overflow
networks is provided by automatic-automated means, the prox-
imity of tide gates with regulator chambers will facilitate
the tie-in of backwater control with overfiow control. State
and provincial water pollution control agencies should incr-
ease their regulatory control of this source of pollution and
provide standard requirements and the engineering personnel
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necessary for enforcing the control of overflows from combined
sewer systems. Further, such agencies must recognize the fact
that existing combined sewer systems must be upgraded if pol-
lution levels are to be reduced.

Efforts should be made to design regulators to minimize clog-
ging and consequent pollutional overflows. Where clogging is
inevitable, maintenance schedules should be adapted to correct
this condition as expeditiously as possible.

As indicated, interest by various states in regulators and
overflow pollutional problems vary considerably. Few states have a
staff knowledgeable enough to give much guidance to Tocal officials
or to even review plans. Many states appear to want to believe
that if they do not get too concerned about the problem, it will
go away. Many seem to be taking the textbook advice that combined
sewers are a thing of the past. Inasmuch as over 30 miliion people
are directly served by combined sewers with some 18,000 overflow
points, I doubt that this represents much more than wishful thinking.

At the close of the research project the APWA developed a
Manual of Practice. There is a great deal of heretofore unpubiished
work in it, which represents good practice in the field, Certainly
you and the pubiic agency which you serve should review the Manual
for information regarding requirements for the design, operation
and maintenance of facilities, as well as a description of some
of the newer types of regulating devices. Many of you will have a
very difficult time convincing an agency that they should pay more
than the $2,000 to $4,000 cost of a static regulator device. How-
ever, if pollution is to be reduced, time and money spent on the
design and construction of adequate regulator facilities will do
much to enhance the Tocal program.
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SECTION IV

PRESSURE SEWERS

by

Italo G. Carcich
Senior Sanitary Engineer
New York State Dept. of Environmental Conservation
Environmental Quality Research Unit
Albany, New York
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Introduction

The pressure sewer concept has been around for a number of years.
When referring to pressure sewers, we are dealing with a wastewater collection
system that utilizes a newly developed Grinder Pump Unit and small diameter
plastic or metallic piping systems. It is by no means intended to replace
gravity sewers but only to supplement the wastewater collection system.

With financial assistance from both the State and Federal governments,
a 13 month study was completed in Albany, New York for the purpose of evaluating
the functicnal specifications of the GP Units and to gain first hand operating
experience on the mechanical performance, use pattern, operating cost, main-
tenance requirements, etc. on these units. The final report is available from

(1). A full description of the installations,

2),

the U. S. Government Printing Office
the monitoring equipment, the piping system, etc. was published previously(
Therefore, It is not necessary to go into a detailed description of
the installation, with the exception of stating that the pressure sewer system
was very simple in design., The wastewater was diverted to the Grinder Pump
Unit's tank from which point it was discharged by means of a 14" plastic pipe
pressure lateral to an outside 13" to 3" plastic pressure main. The pressure
main at a 4 foot depth received the macerated wastewater from all 12 houses

and simply discharged it into a gravity system within the city of Albany (Figure 1).

Grinder-Pump Units

The GP Unit consists of the following mechanical components (Figure 2)3
(a) Grinder, placed in an inverted position and operating at 1725 ppm with the
capability of handling foreign objects without jamming; (b) Pump, positive dis-

placement, progressing cavity type with an almost vertical H-Q curve and proven
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FIGURE 2
CROSS SECTION OF GP WITH LOCATION OF
LEVEL AND OVERFLOW RECORDING FLOATS
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solids handling ability; (c) Motor, 1.0 horsepower, operating at 1725 RPM,
capacitor start, high torque, 'squirrel cage induction motor with a built-in
thermal overlead proteétor; (d) Check Valve, swing check type with passageways
smooth and free from roughness and cbstructions, and a unique flexible hinge

of small section without mechanical pins, rivets, screws, etc; (e) Controls,
an Inverted diving bell system +to turn the motor on and off.

(3)

A 1% inch discharge pipe was selected as the optimum size capable
of not only handling the macerated wastewater without clogging but also

minimizing the frictional head losses (Figure 3).

Results

Thirty nine out of the 44 recorded malfunctions were contributed by
the Prototype GP Units. Nine of these Prototype units were replaced by
Modified GP Units (Figure 4) after only 6 months because of the large number
of malfunctions. The newer units performed satisfactorily for the remaining of
the projett. Loss of prime by pump and grease clogging of the 1" opening
within the bell~shaped pressure sensing tube was the major cause of the mal-
functions experienced by the Prototype Units. Corrective modifications were
incorporated in the manufacturing of the modified GP Units with considerable im-
provements in the dally operation. |

One of the primary interests of this project was to extensively test
the reliabiiity of the mechanical components in an actual field instqllation.
Pre-installation testing and post-installation testing (Table 1) was;performed
in order to determine marked deterioration if any, in the physical structure and
performance of the GP Unit's components.

whachy

In addition to the 6282 operationshoccurred during the so-called
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de-bugging period, a total of 73,458 GP Units operations were recorded during
the remainder of the demonstration project {Table 2).

Even though the operating cycle varied greatly for the prototype
units, the modified units operated on a cycle between 57 and 74 seconds (Figure 5),
with the average operating time of 11.5 minutes to 27.5 minutes per day. Further-
more, based on the occupancy rate of 75 persons for the 12 town houses, a value
of 2.6 operating cycles per capita per day was calculated for this particular
single family residential development.

The documentation of the operating cost was of prime interest, since
it was essential to verify the theoretical cost value of $2.12/year for a

(3’4). Two watt-hour meters were installed to register only the

family of 5
total power consumption of two individual GP Units. Based on the monthly oper-
ating time, proportional monthly power consumption values of 10,2 and 5.3 KW
were calculated. Applying an average incremental power consumption rate of
2.3¢ per kilowatt hour (KWH), the monthly operational cost for Unit No. 1
amounted to $0.24 and $0.12 for Unit No. 2 (Figure 5), which is equivalent to
$1.18 for a family of 3,up to $3.50 for a family of 9.

The GP Unit's usage varied greatly from day to day for any given unit.
An even greater variation was documented when comparing weekday versus weekend
usage. This 1s graphically illustrated in Figure 6 for two given units. The
total weekend daily usage exceeded the weekday total dally usage by 50-60
operations (an increase of 35% over the weekday total).

As an indication of the improved performance record of Modified Units
versus the Prototype Units, a value, known as the "down-time", was computed for

each of the GP Units. The "down-time" wvalue is based on the amount of time a

unit was non-operational over the total amount of time of possible operation.
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The Prototype GP Units produced a "down~time" of 2.69% for the first six
months in comparison to only 0.27% for the Modified Units over the last 7#

month period.

Discussion

The pressure sewer system pipe sizing was based on the ASCE minimum
scouring veloclty criteria of Vs = >8) and on certaln engineering assumptions
regarding the estimated wastewater ?lows from the 12 GP Units.

It must be understood that the flows in the different portions of the
pressure malin were based strictly on an engineering estimate. There was no
data available on the frequency of GP operations for a multiple units system.
It was possible to predict the peak usage hours of the GP Units, but since the
operating cycle per GP Unit is very small, 57 secs. to 74 secs., it was almost
impossible to predict the number of units working simultaneously during this
peak period. It was, therefore, assumed that a maximum flow of 90 gpm would
flush regularly that portion of the pressure main serving all 12 GP Units. It
must be understood that the hydraulic chargcteristics of the pressure sewer
system is dependent greatly on the varying wastewater flows within that system.

Information on simultaneous occurrences was an essentlal phase of
the project. This type of data is critical for the design of future pressure
sewer systems. The maximum anticipated flows will dictate the size of pipe
within the pressure system. At the same time, the hydraulic gradient will
reach its peak slope. The engineer, therefore, must design a system optimizing
the sizes and scouring velocities and be certain that the upper recommended
working pressure of the GP Unit is not exceeded.

During the last ten (10) months of the demonstration project, during

which time the 12 channel event recorder was in operation, a total of 58,823

77



g

By =

operations were recorded, which represent approximately 191 operations per day.
Therefore, in order ito obtain a picture of the minimum and maximum flows within
the pressure system, the above mentioned data indicated that (a) on the average,

2 GP units ran simultaneously 20 times per day (b) 3 GP units operated simul-

taneously slightly more than once per day, and (c)} 4 GP units ran simultaneously

on the average of once every 14 days.

Also, by using all the automatically recorded data, total wastewater
flows were calculated, which ranged between 95 and 100 percent of the actuszl
water consumption (Figure 7).

The close relationship between the water and calculated wastewater
flow is a highly reliable indicator of the corresponding wastewater discharges.
Also, winter water flow records can be used to estimate accurately expected
wastewater flows.

Pressure gages were installed in each basement so that the maximum
and minimum pressures occurring during any fifteen minute period might be
recorded. These pressure readings were indicative of the varying hydraulic
gradient line for each of the iwelve GP units (Figure 8). The computerized
data indicate that pressures in excess of 30 psi were reached by a few GP
Units.

Once the demonstration phase of the project was completed, portions
of the pressure main and the 14 in. pressure laterals were carefully excavated
and removed. Grease accumulation within most sections was evident. Reductions
of up to 40% occurred in the pressure main.

The system was simply overdesigned. Where flows were expected to

reach 90 gpm regularly, flows of only 45 gpm were recorded (Figure 9). Therefore;

instead of a 3" pressure main, a 2" main would have been sufficient for the 12
town houses.
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